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FOREWORD

A two-day seminar on "Applications in Water Quality Control" was held in
Portland, Oregon, on 31 January - 1 February 1984. The purpose of the seminar
was to provide a forum for Corps of Engineers personnel who are routinely
involved in water quality and water control work.

Topics addressed during the seminar included Cooperative Efforts of Local,
State and Federal Agencies to Improve Reservoir Water Quality, Water Quality
Management, Water Quality Data Monitoring, Laboratory Quality Control, Data
Base Management and Interpretation, Reservoir Water Quality Control, Dredging
Concerns, Estuarine Concerns and Specific Applications with Reservoir Water
Quality Problems. Twenty-five of the papers presented during the seminar are
contained herein.

A highlight of the conference was the viewing of a video tape taken from a
two-man research submersible at depths between 700 - 1200 feet on the Hawaiian
coast. The footage included previously unseen fish and other biotic species
from bottom environments at sites previously used for disposal of dredged
materials.

Two optional field trips were arranged by Dr. Tanovan for 2 February. The
trips included either a visit to Bonneville Dam or a field inspection of the
dredging operations along the Cowlitz River near Mount St. Helens. The
appendix includes some of the materials distributed during the trips.

The seminar was co-sponsored by the Hydrologic Engineering Center and the
Committee on Water Quality. This seminar proceedings, in addition to the
general seminar coordination, was organized by Mr. R. G. Willey of the
Hydrologic Engineering Center. Valuable assistance was graciously provided
for coordination of the separate sessions by Messrs. Richard Jackson,
| Wilmington District; Dave Cowgill, NCD; Mark Anthony, ORD; Robert Engler, WES;
and Tom Dillion, WES. The conference room, individual rooms and all local
arrangements were organized by Dr. Bolyvong Tanovan from the North Pacific
Division Office.

The views and conclusions expressed in these proceedings are those of the
authors and are not intended to modify or replace official guidance or
directives such as engineering regulations, manuals, circulars, or technical

letters issued by the Office of the Chief of Engineers.

R. G. Willey
Editor
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COOPERATIVE EFFORTS OF LOCAL, STATE AND FEDERAL AGENCIES
TO IMPROVE RESERVOIR WATER QUALITY:
FALLS OF THE NEUSE RESERVO!R, NORTH CAROLINA

By

Edward A. HoHand1

INTRODUCT ION

Corps of Engineers multi-purpose reservoirs require suitable levels of
water quality to fulfill their authorized uses. The Falls of the Neuse
Reservoir in North Carolina's Research Triangle Area (Raleigh, Durham,
Chapel Hil1) was authorized in 1965 and impounded in 1983 for public
water supply, flood control, downstream flow augmentation, recreation,
and fish and wildlife enhancement. Main features of the reservoir and
watershed are listed in Table 1.

Falls Lake typifies the water quality dilemma faced by many Corps of
Engineers reservoir projects: the Corps has little or no regulatory
authority for assuring the water quality on which those projects depend.
When the Falls Project was authorized, years before landmark Federal and
State water quality legislation, the Nation's principal water quality
concerns were the '"conventional pollutants'': BOD, suspended solids, and
bacteria. Since then, our technical knowledge of the issues and the
public's demand for clean water have increased dramatically.

1Director', Resource Conservation, Triangle J Council of Governments,
Research Triangle Park, North Carolina



PHYSICAL SETTING

The 770-square mile Falls watershed is located in the Piedmont physio-
graphic province and headwaters of North Carolina's Neuse River Basin.
The watershed area exceeds the reservoir surface by a factor of 40. It
includes portions of six different counties and four municipal juris-
dictions and contains a variety of pollution sources. |mproving and
protecting long-term water quality will require the cooperation of
several State, Local and Federal agencies that share the fragmented
responsibility for watershed protection.

Table 1: Features of the Falls of the Neuse Reservoir and Watershed

Surface Area 12,500 acres

Volume 153,800 acre-feet
Depth 12.3 feet
Average Streamflow 794 cfs
Retention Time 100 days
Watershed Area 770 square miles
Population (1980) 136,000

Land Use (1982)

Urban, Residential 10%
Agriculture 21%
Forest 62%
Other 7%
Total 100%
Sewage Treatment Plants 6
Total Flow 10 mgd
THE POLITICAL SETTING
Although Falls Reservoir suffered no use impairment during 1983 - its

first year of impoundment - public concern about water quality has
remained high. The Raleigh-Durham-Chapel Hill area is one of the fastest
growing regions in the Southeast. Population in the watershed is
expected to increase by 50 percent during the next 20 years. Falls
Reservoir will become the City of Raleigh's sole source of drinking

water in 1985 and has been the subject of vigorous public and editorial
concern about the effects of population growth on water quality.

Raleigh is the State's capital city, and the Research Triangle Area is
regarded as the ''crown jewel' of North Carolina's industrial recruitment



efforts. Governor James B. Hunt, Jr., and chief environmental policy
makers have repeatedly challenged local governments and State agencies
to protect the Falls Reservoir and the Research Triangle from uncon-
trolied urban growth.

The Triangle J Council of Governments, a regional planning agency for
much of the Falls watershed area, was the nation's first recipient of an
EPA Section 208 Areawide Water Quality Planning grant in the mid-1970's.
As a voluntary association of local governments, Triangle J has no
regulatory authority over water quality issues, but has developed a
strong role of regional leadership and technical expertise in North
Carolina.

Principal federal agencies in the Falls water quality efforts have been
the Corps of Engineers and USDA Soil Conservation Service. The Corps
maintains strict control over the use and access to an extensive green-
belt around the entire reservoir and supports a detailed water quality
monitoring program that is closely coordinated with the State's efforts.
The Soil Conservation Service recently completed a PL-566 erosion study
of all agricultural land in the Falls watershed and provides technical
guidance to individual farmers and county Soil and Water Conservation
Districts.

THE CALL FOR ACTION

Local awareness and concern about water quality increased in early 1983
when Falls Reservoir was impounded. Elected officials and the local
media focused attention on the area's intense development pressure and
objected to the State's proposal to issue discharge permits for package
wastewater treatment plants adjacent to the lake. Officials were
concerned about the complex and fragmented array of technical and
institutional issues. Under the leadership of Triangie J, several local
jurisdictions petitioned the Secretary of North Carolina's Department of
Natural Resources and Community Development for cabinet level State
leadership in resolving the tangled array of issues. The Secretary
responded by convening a special Steering Committee of county board
chairmen and mayors from the principal jurisdictions in the watershed and
establishing an agricultural technical committee of supervisors from the
watershed's five Soil and Water Conservation Districts. The North
Carolina Environmental Management Commission, the state's top environ-
mental policy making body, initiated a reclassification procedure for
the newly impounded reservoir. Issues included reclassification as a
public water supply source and possible designation as ''Nutrient
Sensitive Waters," an action that would allow State regulation of
nutrient discharges throughout the 770-square mile watershed.



WATER QUALITY ISSUES

The disparate issues of urban and rural runoff, package treatment plants,
upstream discharges, construction site runoff, toxic spills and leaks
are discussed under the general categories of sediment, nutrients, and
toxics.

Sediment

The recently completed SCS Erosion Study estimated the sediment delivery

to Falls Reservoir to be 257,000 tons per vyear, of which agricultural
activity contributed more than 80 percent. Only 3 percent of the sediment
came from forested portions of the watershed. The remaining 15 percent

was attributed to urban areas, construction sites, roadsides, and streambank
erosion. With a goal of reducing gross cropland erosion to five tons

per acre per year, SCS estimated that total sediment loads to the reservoir
could be reduced by 25 to 35 percent through the use of Agricultural

Best Management Practices (BMPs) at an estimated cost of 12 million

dollars spent over 10 vyears.

in addition to agricultural erosion control, city and county governments
were encouraged to adopt and enforce strong local erosion and sedimen-
tation ordinances for construction activities. Two of the three metro-
politan counties in the Falls watershed already had effective ordinances
in place.

Nutrients
One of the long anticipated problems for the Falls Reservoir has been

its eutrophic potential. The Reservoir receives a phosphorus load of
397,000 pounds per year from the following sources:

Agriculture 26%
Urban Runoff 23%
Forest 7%
Wastewater Discharge LLZ

Total 100%

North Carolina's Division of Environmental Management predicted total
phosphorus concentrations of 0.156 and 0.080 mg/1 in the upper and lower
sections of the reservoir, respectively. Chlorophyll a levels were
predicted to be 110 and 42 ug/1 for the upper and lower segments, which
would exceed the State's 40 ug/1 chlorophyll a standard. State officials
estimated that the 397,000 pound annual phosphorus load could be reduced
40 to 50 percent through the following methods:

Agricultural BMPs 8%
Wastewater Treatment Plant Removal 35%

(Phosphate Detergent Ban Only) 10%
Runoff Control for New Development 5%



Because the probability of nuisance algae conditions appeared to be

high, the Environmental Management Commission reclassified the entire
watershed Nutrient Sensitive. All existing wastewater dischargers were
immediately notified that they might be required to remove phophorus

down to a level of 1 mg/1, depending on the lake's trophic response over

the next 2 to 5 years, and depending on local measures taken to control
nonpoint phosphorus sources. Additionally, the Environmental Management
Commission imposed the phosphorus removal requirement on all new dischargers
in the watershed.

Toxics

Local officials and the general public have reflected the growing state
and national concern about toxic materials in drinking water. Although
there has been no direct evidence for a toxics problem in Falls Reservoir,
many existing and proposed activities in the watershed involve the use

of toxic materials. Release to the aquatic environment seemed inevitable.
Concern focused on municipal and industrial dischargers, urban and
industrial runoff, sanitary landfills, agricultural pesticides, and
transportation spills, especially from highway crossings over the lake.
Despite the lack of data indicating a problem in the Reservoir, the fear
about toxics in a public water supply remains one of the strongest
political motivators for water quality protection in the Falls project.

STATE/LOCAL ACTION AGENDA

Responding to the local call for leadership, State officials offered a
"carrot and stick'' partnership to the local communities. As outlined
above, the Environmental Management Commission reclassified Falls as
Nutrient Sensitive and notified existing wastewater dischargers (including
four municipalities) that they might be subject to phosphorus removal at
their treatment plants. Because of the lack of regulatory control over
nonpoint source pollution, the State offered to negotiate with local
governments: "1f you (local governments) take strong actions to reduce
nonpoint pollution, then we (the State) may not have to impose expensive
phosphorus removal requirements at your treatment plants.”

Local officials responded positively, but requested "'uniform guidelines"
with which to measure their compliance with the EMC mandate and to

compare the progress of one local jurisdiction to another. State officials
and the Triangle J Council of Governments worked together and proposed a
"State/Local Action Agenda'' to the local governments represented on the
Falls Reservoir Steering Committee. Highlights of that document are
summarized below.

State Actions

e Water quality monitoring and research to confirm suitability as a
water supply, especially with respect to toxics.



® Incentive funding for individual farmers implementing agricultural
BMPs.

e Additional funding and manpower for the State's erosion control
program for construction activities.

e Legislative support for a phosphorus detergent ban if requested by
local governments.

e General technical assistance to local governments implementing the
Action Agenda.

Local Actions

e Review sewer use and industrial pretreatment ordinances for controlling
toxics and synthetic organic chemicals.

® Inventory the storage of hazardous materials by local industries
and institutions.

e Review emergency response capabilities for toxic spill containment.

e Resolve the critical agricultural erosion problems within each Soil
and Water Conservation District.

® Adopt and enforce sedimentation and erosion control programs for
construction activities in jurisdictions without such ordinances.

e Apply stricter land use control measures to 'Water Quality Critical
Areas'' nearest to Falls Reservoir.

e Limit the impervious surface areas of new development and maintain
50-foot vegetated buffers along all perennial streams.

e Discourage urban level development in the Water Quality Critical
Areas.

Local governments agreed in principle with the proposed State/lLocal
Action Agenda, but asked for additional guidance in delineating the
proposed Water Quality Critical Areas and development standards. Further
collaboration by State, local, and Triangle J staff produced the
following guidelines:

e Designate a Water Quality Critical Area perimeter at least one-half
mile beyond the Corps of Engineers property line.

e Modify local sewer extension plans and policies to discourage urban
level development in the Critical Areas.

e Restrict impervious areas for all new development to six percent in
the Critical Areas. Allow no new non-residential development except
small offices and neighborhood businesses in the Critical Areas.



e Limit impervious coverage in new development outside the Critical
Areas to 12 or 30 percent, depending on the availability of public
sewer service.

o Apply Special Use requirements to any industries that produce,
store, treat, or use hazardous materials in areas draining to
reservoir segments classified for water supply.

o Control the first half-inch of stormwater runoff from impervious
surfaces—in all new developments, with natural infilttration as the
preferred method.

PRESENT STATUS

At the time of this writing, several local jurisdictions have already
modified, or are in the process of changing, zoning ordinances and sub-
division regulations to comply with the proposed guidelines. Although
subject to considerable local debate and some resistance, recent progress
has been impressive. State officials have launched a legislative budget
initiative for funding and expect local support when the General Assembly
convenes this Spring. The Soil Conservation Service continues to provide
much needed technical support to the county Soil and Water Conservation
Districts, and the Corps of Engineers is funding most of the water

quality monitoring work on Falls. More precise estimates of the reservoir's
toxic and trophic status will depend largely on additional monitoring

and analysis. The University of North Carolina's Water Resources Research
Institute is likely to fund one or more studies proposed for the reservoir.

SUMMARY

The Falls of the Neuse project typifies many Corps of Engineers multi-
purpose reservoirs: it requires good water quality in order to meet the
project's intended uses. The Corps has little regulatory authority with
which to assure this goal. Existing authorities are fragmented among

State and local agencies. Existing data are insufficient to predict
accurately the lake's trophic response to the nutrient reduction strategies
and to answer public concerns about toxic materials. Overall needs

include political and technical consensus, leadership, commitment,

funding, and coordination to carry out the complex task of watershed
protection. The Corps of Engineers can play an important role in this
effort - through ongoing water quality monitoring and through its open

and frank cooperation with State and local officials. Recent Federal
requirements for front-end local cost sharing of Corps feasibility

studies and water supply projects will require a high degree of cooperation
between the Corps of Engineers and outside agencies. Many of the Corps'
new proposals may be judged on the basis of its past performance in
projects such as the Falls Reservoir.



REFERENCES

Grimsley, Joseph W., "Remarks to the Falls/Jordan Steering Committee,"
North Carolina Department of Natural Resources and Community Development,
Raleigh, North Carolina, December 1, 1983.

Hunt, Governor James B., Jr., "Remarks by the Governor to Triangie J's
'Horizons UNlimited' Conference - October 27, 1983," Governor's
Office, Raleigh, North Carolina.

North Carolina Department of Natural Resources and Community Development,
""State/Local Action Agenda - Falls and Jordan Watersheds,' presented
by Secretary Joseph W. Grimsley, October 7, 1983, Raleigh, North
Carolina.

» ''Water Quality Discussions of Falls of the Neuse and
B. Everett Jordan Lakes," Division of Environmental Management
Report Number 83-06, Raleigh, North Carolina, October 1983.

» ''Report of Proceedings Concerning Proposed Reclassification
of B. Everett Jordan Lake and Watershed and Falls of the Neuse Lake
and Watershed - Public Hearing, August 9, 1983,'" Environmental
Management Commission, Raleigh, North Carolina.

Triangle J Council of Governments, ''Strategy for Improving the Water
Quality of Falls and Jordan Lakes,' Research Triangle Park, North

Carolina, September 28, 1983.

United States Army Corps of Engineers, Wilmington District, '"'Final
Environmental Statement (Revised): Falls Lake Neuse River Basin,
North Carolina," Wilmington, North Carolina, March 1974,

United State Department of Interior - Soil Conservation Service, '""Upper
Neuse River Erosion Study,'" Raleigh, North Carolina, 1983.



WATER QUALITY MANAGEMENT

By

George E. Johmson 1
Clinton A. Beckert?

INTRODUCTION

A necessary prerequisite to any successful program is the careful organization
and utilization of one's resources. This has been particularly true lately

when budget cuts and manpower shortages have been the rule rather than the
exception.

This presentation will attempt to discuss some of the many considerations in
the management of a water quality program. t should be realized at the om-
set that each individual situation will dictate, to some degree, the exact
nature of program needed. Thus it will not be possible to discuss in dectail
the '"nuts and bolts" of how all water quality programs should be managed.

This will, of course, vary from distriet to district and will depend on some
of the factors we will attempt to discuss.

lChief, Hydraulics Branch, Rock Island District.

2Chief, Water Quality and Sedimentation Section, Rock Island District.



District Responsibilities

In recent years, the Corps of Engineers' concern for the environment has
encouraged the construction and operation of environmentally sound projects.
This is particularly true in the area of water quality where numerous directives
have been issued which define the Corps responsibility and offer guidance

in the design and implementation of effective water quality monitoring programs.
The following publications are most applicable in this regard:

1. ER 1105-2-8, 24 Sept 1973, Responsibilities for Study Accomplishment
and Participation of Other Agencies. This ER fixed the Corps with primary
responsibility for ''the general environmental effects of its projects, including
the responsibility for accomplishing related water quality studies and activities."

2. ER 1130-2-415, 28 Oct 1976, Water Quality Data Collection,
Interpretation, and Application Activities. This ER directed water quality
data collection at Corps water resources projects. It said: "Water quality
data will be collected at existing projects in order to: a) establish baseline
conditions and monitor subsequent changes; b) identify water quality environmental
problems; c) provide continuing guidance to reservoir regulation elements;
d) study special problems; and e) provide an adequate data base and understanding
of project conditions. Field offices should take the initiative in identifying
problems and formulating subsequent studies leading to the solution or control
of these problems." '

3. ER 1130-2-334, 16 Dec 1977, Reporting of Water Quality Management
Activities at Corps Civil Works Projects. This ER established the requirement
for reporting water quality management activities to OCE.

4, FER 1110-2-1402, 15 Sept 1978, Hydrologic Investigation Requirements
for Water Quality Control. Among other things, this ER directed field operating
agencies to: 'Develop water quality management objectives relative to the
specified standards and the present and prospective needs of users of the
impounded and released waters."

5. ER 15-2-10, 25 May 1979, Committee on Water Quality. This ER
established a committee on water quality and directed, among other things, that
the committee render service on specified problems to Corps elements.

6. NCDR 1110-2-23, 7 June 1982, Water Control Management, Water Quality.
This regulation furnished guidance to NCD districts on water quality surveys,
funding, annual report requirements, and other actions required.

7. ER 1110-1-261, 29 Oct 1982, Control of Field Testing Procedures.
This ER required standards of capability for testing by laboratories.

8. ETL 1110-2-281, 17 June 1983, Reservoir Contaminants. This ETL
furnished guidance for screening of Corps reservoir projects to determine the
presence or absence of contaminants. It said: "It may be necessary in some
cases to assemble more information. This additional action may take the form
of obtaining more difficult to locate reports or data, or it may involve
additional sample collection and analysis."
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The 404 Program,

In addition, with the passage of PL 92-500 (FWPCA, 1972) the Corps must comply
with criteria established by respective States in our operation and maintenance
of existing projects. This includes obtaining the necessary permits required
for disposal of dredge spoil. As a result, the importance of establishing
meaningful water quality momitoring programs is greater than ever. Due to the
complexity of the subject and the limited availability of resources, it is
essential that adequate steps be taken to avoid generation of data which are
inappropriate or useless for the intended purpose.

Establishing Water Quality Management Objectives,

Avprimary objective in water quality management is planning to avert water
quality problems. This process must begin very early if data collection is
required, as this may take years to accomplish. Too often "after the fact"
water quality monitoring programs are established in an effort to solve
problems, when far less effort would have been required to avert these problems
in the first place.

In order to accomplish this goal, coordination of all parties involved is
eritical. This coordination should not be limited to elements within the
office but should include the appropriate Local, State, and Federal agencies
so as to avoid both the duplication of efforts and data gaps.

Similarly, the design of monitoring programs at existing projects should begin
as soon as possible and is ideally an on-going process. This not only affords
continuity in the data but also eliminates last minute decision-making which
so often leads to unforeseen difficulties.

It is impossible to over emphasize the importance of establishing and clearly
defining management objectives prior to "jumping in'" and initiating a program.
One should ask the question, 'What do I want to determine?'" It is not always
necessary to have very specific objectives in mind. For instance, it may

be quite informative simply to establish baseline water quality conditions
prior to project comstruction. It should be realized, however, that data

of this sort will have limited applications and may not be appropriate to
answer such questions as:

1. Will the project adversely impact existing water quality?
2. To what extent will water quality be impacted?
3. Can project operational changes reduce these impacts?

4. Can water quality impacts be minimized by using alternative design
criteria?

Such questions may only be answered by designing very specific programs or by

using predictive tools such as numerical models. In any event, ome must first
determine what is desired, then design the program accordingly.
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Development of Water Quality Strategies.

The next step is to develop management methods or strategies. This involves
analyzing the available resources (financial, personmel, and facilities) and
determining how your objectives can best be met. In some cases, all the
necessary resources may exist in-house, and it is simply a matter of mobilizing
these forces. When one or more of these resources is lacking, it may be necessary
to consider altermative courses of action. Some of. the options available include:

1. Contracting services to State or Federal agencies, Universities, or
private consulting firms.

2. Seeking assistance from the Committee on Water Quality.
3. Seeking assistance from WES.
4. Seeking assistance from HEC.
5. Seeking assistance from other Corps Districts.
In any case, having sufficient '"lead time" will allow for careful consideration

of each alternative and selection of the most appropriate course of action.

Monitoring and Modifying the Program As Necessary.

Once the project has begun it is quite beneficial to periodically review the
progress of the work and to modify the program if necessary. Quite often interim
report preparation forces the investigator to critically analyze the results and
may reveal questionable data and/or data gaps. If noted in time, erroneous data
may be corrected. Should the data prove to be correct, yet unexplainable,
additional studies may be necessary. This technique of periodic data review is
quite common when contractors are being utilized but is also particularly
effective when all work is being done in-house. Too often individuals become
caught up in the day-to-day activities of data collection while losing sight

of the overall objectives. By taking time to study the findings during the

data collection process, one may be able to identify deficiencies in time

to remedy the situation. This "feed back" process results in a dynamic program
which can be adjusted to meet the needs of the particular problem. For instance,
sampling stations may be added or eliminated; parameters may be added or elimi-
nated; and sampling frequencies may be increased or decreased as necessary to
optimize use of resources.

Long Term Controls and Applicationms.

Ultimately it will be necessary to evaluate the findings in terms of your
original objectives and to recommend appropriate courses of action. This
may result in additional problem identification requiring more extensive
sampling.
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This iterative process should, however, refine the program in terms of parameters
analyzed and sampling techniques employed until adequate data exist to permit
problem solution.

Occasionally, however, long term solutions require continuous monitoring. Such
is true at existing projects which experience project-induced water quality
problems. In these instances it is desirable to limit sampling to the 'problem
parameters” or suitable "indicator parameters' which can be useful in documenting
water quality problems. Usually these parameters can-be related to human health
hazards or degradation of water quality which directly impacts aquatic organisms.

From time-to-time, water quality studies also identify problems inherent in the
agricultural or industrial practices in the watershed. Project-induced problems
can sometimes be alleviated by structural modification or by operational changes

in our dams,etc. Basin problems require legislation and/or education of the public
to produce meaningful changes.

What is a Good Water Quality Program?

As is the case in so many other areas, it is difficult to develop a water quality
program which would be appropriate for all circumstances. Each district has unique
problems which require individualized approaches to solve. Obviously, fresh water
rivers, reservoirs, and natural lakes have different problems from estuaries.
Groundwater investigations are distinct from all of these. Just as there is no
single approach to water quality management there is no definitive size for a water
quality organization-whatever works best.

There are a few principles which we have found to be essential to any good water
quality program. First, the water quality function should be assigned to ome
responsible element. A centralized responsibility is preferred to a fragmented one.
Lines of communication are concise and there are economies of manpower and funds

in such a design. There is also a good chance that a more professional organization
can be developed if all water quality responsibilities are concentrated in one
organization.

Secondly, adequate funding must be programmed in advance. Considerable planning is
required and flexibility is a necessity. Pre-authorization water quality studies
should be funded by the General Investigation (GI) program. Post-authorization
studies (including during construction) should be funded by the Construction General
(CG) program. Water quality at completed projects should be funded by the Operations
and Maintenance (O&M) program. Often budget cuts will dictate that water quality
studies be flexible.

There is no substitute for technically-qualified personnel in a water quality
organization. Water quality is a complex technical subject requiring a number

of scientific disciplines plus a certain amount of managerial talent. The recruit-
ment of adequately-trained personnel is an absolute necessity.

Finally, a water quality program must be dynamic. It must be able to respond to
changing levels of funding, to changing uses of water and to unexpected problems.
It must continually be reassessed to determine if objectives and needs are still
being met by the current program.
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In the Rock Island District water quality problems are often closely tied to
suspended sediment transport. Due to manpower constraints we have a small

water quality group in the District. Our Water Quality and Sedimentation Section,
consisting of 4 full-time individuals and part-time student aids, handles the
majority of the work load through a combination of in-house studies and various
contracting efforts. 1In is located within our Hydraulics Branch.

In recent years, study efforts have concentrated in the areas of:
1. Reservoir drawdown for storage of flood waters.
2. Reservoir conservation pool raises for water supply.
3. Reservoir release for the purpose of low flow augmentation.
4. TLow head hydropower development at several dams.
5. Reservoir tainter gate usage during peak flow periods.
6. Maintenance dredging and associated water quality certification.

7. Resumption of commercial fishing at one reservoir following banning due
to elevated pesticide concentrations (an environmental success story).

As a result of our efforts numerous operational changes have been implemented and
several potential projects analyzed in terms of their water quality impacts.

It is hoped that continued effort in the area of water quality will enable us to
prevent water quality related problems from developing while continuing to solve
existing problems. Only by efficient management of resources can we continue to
fulfill the Corps mission.

References: TFederal Water Pollution Control Act Amendments of 1972, Public
Law 92-500, 86 Stat. 816, 33 U.S.C.A. 1251(a).

Krenkel, P.A. and V. Novotny, 1980. Water Quality Management.
Academic Press, New York.
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Environmental and Water Quality Operational Studies (EWQOS) -~
An Overview

by
Jerome L, Mahlochl

Introduction

The EWQOS program was initiated on 1 October 1978 (FY 78) and will be
concluded during FY 85. To obtain an understanding of EWQOS and the results,
it is necessary to briefly review the foundation of the program and its his-
tory. The need and scope of the EWQOS program were established in a survey of
Division and District environmental quality problems that was performed from
February to September 1976. Analysis of these problems produced a set of
research needs and defined the scope of EWQOS. A summary of these research
needs is presented in Table 1. Along with these research needs another major
finding of the survey was that the CE was undergoing a shift in emphasis from
predominantly a construction agency to a water resource management agency,
hence a predominance of the problems were anticipated to be of an operational
nature.

Table 1
Research Needs for EWQOS*

Dissolved Oxygen Problems/Corrective Procedures

Nutrients and Eutrophication

Contaminants (Sources/Effects)

Predictive/FEvaluation Techniques

Reservoir Operations

Environmental Data Analysis and Management, Sampling Design
Environmental Assessment

Water Resource Management

Riverine Environmental Impacts

Source:
* WES Technical Report E-78-1

EWQOS was formally initiated in October 1978 and was originally scheduled
to be completed by October 1983. Due to a shortage of funds, the program was
extended two years and is presently scheduled to be completed by October 1985.
A review of the major research needs in Table 1 will indicate that some change
in emphasis has taken place during the course of EWQOS. Some problems have
diminished in importance while new problems have emerged or other problems
have increased in importance. Many changes in the direction of EWQOS have
taken place in response to field office input. This input occurred as a
result of semiannual meetings of a Field Review Group formed at the onset of
the program. The Field Review Group is composed of the OCE Technical Monitors

1Program Manager, EWQOS, WES.
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and a representative from each CONUS Division Office. Currently, a majority
of the research in EWQOS has been completed and program emphasis has shifted
to analysis of results, development of recommendations, and implementation of
technology transfer plans. The remainder of this paper will highlight results
of EWQOS and indicate future trends and applications of technology developed
from these results.

Results of EWQOS Research

The EWQOS program is divided into two major research areas, one on reser-
voirs and the other on waterways. While the EWQOS program is represented by a
number of different projects, work units, and tasks, the majority of the find-
ings and results may be summarized under technology areas presented in
Table 2.

Table 2
Technology Areas for EWQOS
Reservoirs

Description/Purpose/Operation
Sampling Procedures/Design
Data Analysis/Management
Eutrophication

Simplified Analysis Techniques

Algae Control

Site Preparation

Shoreline Revegetation

Releases/Regulation

Fisheries Management

Water Quality - Outlet Works and Pool

Water Quality Models

Waterways

Environmental Aspects
Monitoring, Sampling, Data Analysis

Navigation Effects

Dikes

Bank Protection/Revetments

Levees

Channelization

Design/Construction Considerations
Environmental Assessment

A central thrust of the EWQOS program was the development of an increased
understanding of the environmental aspects of reservoir and waterway projects
in response to their design and operation. This increased understanding of
the function of reservoir and waterway projects has lead not only to new or
improved technology for correcting environmental deficiencies but also to
improved procedures for conducting monitoring programs, data analysis, and
sampling design. These results were based on the numerous field studies con-
ducted under the program that contributed to the verification of technology
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developed but also permitted the development of cost-effective and meaningful
procedures for environmental monitoring. As a result of field studies con-
ducted under EWQOS, case studies are available on which to base field appli-
cation of results. Field studies have identified the major environmental
considerations for these projects; consequently, this allows improved analysis
of project alternatives during the planning stage. For problems that cannot
be resolved on the basis of known information, procedures developed from field
studies allow the formulation of sampling or monitoring plans based on a good
understanding of project operations and information requirements to solve pro-
blems in a cost-effective manner consistent with study objectives.

Within the program area dealing with reservoirs, major technology areas
include numerical modeling, nutrient response and eutrophication potential,
site preparation, project regulation, environmental aspects of project
releases, shoreline revegetation and water quality improvement for releases
and within the pool. This technology has application in project design, but
probably has more profound application to project operation to correct envi-
ronmental quality problems confronting field offices. Because this technology
has been based on field studies and a thorough understanding of reservoirs,
there is considerable potential for rapid application to newly emerging envi-
ronmental problems associated with reservoir projects. Field studies of
reservoirs has lead to a new understanding of their function in response to
design and operation and this information has been applied to numerical
modeling and other technology developed within the EWQOS program.

The integrated nature of EWQOS has fostered the development of many tech-
nologies that fit together to permit comprehensive solutions to environmental
quality problems. For example, water quality models may be applied to projects
in conjunction with regression techniques to analyze and evaluate project
response to various operational conditions. This analysis may in turn be cou-
pled to design procedures to improve project water quality and alternatives
may be evaluated against impacts of various regulation schemes developed to
judge their effectiveness. Information gained from certain technology areas,
such as algae control and site preparation, has been contributed to improved
methods for modeling water quality or ecosystem response. This integrated
approach also minimizes the chance that recommendations to correct a specific
problem, i.e. nuisance algae, will conflict with other management objectives
or project purposes.

Research on waterway projects has concentrated on the environmental
effects of dikes, bank protection, levees, channelization, and navigation
traffic. As with studies on reservoirs, field studies have lead to an
increased understanding of the environmental consequences of project features
and provided the tools to permit meaningful and cost-effective studies of
waterway projects. Based on information from field studies and surveys of
current field office practices, corrective procedures have been developed for
environmental problems associated with waterway projects. In many cases these
improvements have focused on improved design or construction techniques that
are applicable to new projects or maintenance of existing projects. In some
cases improved understanding of environmental aspects has lead to improved
management of project resources.
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Future Directions

As the EWQOS program comes to a close, emphasis has shifted from perform-
ing research to transferring results to field offices for application in solving
environmental problems. Recommendations have been developed with an awareness
of project purposes and the often conflicting needs of projects; consequently,
program results are intended to minimize conflicts between environmental objec-
tives and other project purposes. Technology transfer is seen as a key to the
success of the EWQOS program. If information developed by EWQOS cannot be
readily assimilated and used by field offices, then research performed is of
little benefit. To ensure success of technology transfer activities, a plan
has been developed in conjunction with the Field Review Group to meet the needs
of the field offices. The kev elements of this technology transfer plan are
presented in Table 3.

Table 3
Technology Transfer Activities Under EWQOS

Key Tasks Subordinate Elements

Program Documentation Technical Reports
Environmental Engineering Manuals

Journal Publications, other

Informing Users Information Exchange Bulletin
Computerized Information System
Field Office Briefings
Interagency Coordination

Training
User Assistance

Technology Maintenance

Many of the technology transfer activities presented in Table 3 are pres-—
ently ongoing within the program or are being actively developed. Documenta-
tion of program results through technical reports form the background for any
technology transfer activity. Three Environmental Engineering Manuals will
summarize results of reservoir and waterway research and provide guidance to
field offices. Publications in technical journals and presentations at technical
society meetings increases: the scientific credibility of program results. It
is critical that potential users of EWQOS technology be informed of what is
available as a first step in being able to use program results. The infor-
mation exchange bulletin serves the purpose of informing a wide audience on
program results and their applicability to solving environmental quality prob-
lems. A computerized information retrieval system, to be in operation during
FY 85, will permit access to all published program information and permit
the user to rapidly identify those documents amenable to his particular prob-
lem. A series of Division/District Office briefings, to be initiated this
fiscal year, will give an overview of program products and technology avail-
able to field office personnel so they can easily identify program areas suit-
able to present and future problems. Interagency coordination has minimized
duplication of research among water resource agencies and promoted mutually
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beneficial research efforts. Training, User Support, and Maintenance of EWQOS
technology are activities that are ongoing and are expected to continue during
a post-EWQOS support program under the auspices of OCE. During this time of
diminished manpower and technical resources, it is critical to establish a
"center of knowledge" that can serve as a focal point to preserve and assist
in use of EWQOS technology. The support effort will serve this purpose and
also provide the direct user assistance to field offices. To some extent this
service is already provided under the one-stop requests within the existing
program, but as EWQOS is concluded the demand for assistance is expected to
rapidly increase as technology is applied to environmental problems.

Summarz

National envirommental quality objectives continue to be an important
part of the Civil Works objective of the CE and continuing emphasis is placed
on operating projects to meet these objectives. The EWQOS program has devel-
oped information and technology to meet these national environmental objectives
in a manner compatible with authorized project purposes. This technology and
knowledge on how reservoir and waterway projects respond to various design and
operational scenarios will allow field office personnel to solve current envi-
ronmental quality problems and to rapidly respond to emerging problems in the
future. Technology transfer efforts planned or underway will insure this infor-
mation is available and will provide the necessary support for full implemen-
tation of EWQOS research results in a cost-effective manner. Technology
transfer activities and information gained from EWQOS research will permit the
CE to continue water resource management in harmony with national environmental
quality objectives.
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DEVELOPMENTS IN WATER QUALITY MODELS FOR SURFACE WATERS

By
Mark S. Dortch1 and Jack B, Waide2

Construction and operation activities at Corps of Engineers (CE) water
resource projects can impact the quality of surface waters. A variety of
numerical water quality models are required to assess these impacts, to eval~
uate various structural and operational alternatives for water quality con-
trol, and to determine cause and effect relationships of water quality
problems. To help meet these needs, some of the R&D activities within the CE
have been directed toward developing water quality models for reservoirs,
rivers, and estuaries, This paper summarizes the status and availability of
the reservoir and riverine water quality models.

Reservoir Models

Several tasks within the Environmental and Water Quality Operatiomnal
Studies (EWQOS) Program were devoted to the development, application, and
evaluation of generalized one- and two-dimensional (1-D and 2-D) numerical
computer codes for reservoir water quality. These efforts have resulted in
the codes: CE-QUAL-R1 (1-D reservoir) and CE~-QUAL-R2 (2-D reservoir). Both
codes are based upon integrated descriptions of hydrophysical, chemical, and
biological/ecological processes which regulate reservoir water quality. The
codes were developed with the intent of being generally applicable to a
variety of reservoirs while allowing the input of features specific to a par-
ticular reservoir. Although both codes contain fairly comprehensive transport
and water quality algorithms, the computational expense of applying the codes
is relatively small, thus permitting simulation of realistic time frames, such
as an annual stratification cycle. Versions of the codes have been adapted
for minicomputer (e.g., VAX 11/750) as well as main frame (e.g., Cyber 176)
systems. Major features and status of CE-QUAL-Rl and CE-QUAL-R2 are discussed
below.

CE-QUAL-R1

CE-QUAL-R1 (Environmental Laboratory, 1982) allows the user to simulate
temporal changes in up to 36 water quality variables along the vertical axis
in a stratified reservoir. As a 1-D model, it is appropriate for simulating
water quality conditions in the deep pool near the dam and for predicting the
quality of reservoir releases. The major hydrophysical, chemical, and bio-
logical processes included in CE-QUAL-R1 are listed in Table 1. Some of the
typical problems which may be addressed with CE-QUAL-RI are listed in Table 2.

CE-QUAL-RL is a very comprehensive water quality model requiring numerous
inputs and coefficients. Much information can be gained from the model but
much information must also be furnished. This requires interdisciplinary
training and understanding in the limnological sciences. This is true to some
extent for any model so is considered a requirement rather than a limitation.

1 Chief, Water Quality Modeling Group, Environmental Laboratory, WES
2 Hydrologist, Water Quality Modeling Group, Environmental Laboratory, WES
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Table 1
Major Processes Included in CE-QUAL~R1

Hydrophysical

Chemical/Biological

Solar radiation and surface heat
transfer

Density stratification

Integral energy wind and convective
mixing with flow and wind dependent
diffusion

Placement of inflows

Selective withdrawal
Pumped-storage inflows and mixing#*
Coupled reservoir/afterbay system*
Conservative substance routing

(density coupled)

Suspended solids routing and settling
(density coupled)

Phytoplankton dynamics
Organic matter production and
decomposition

Nitrification and denitrification

Nutrient cycling (N, P, C, Si%)

Carbonate equilibria involving pH
and alkalinity

Biomass transfers through higher
trophic levels

Reoxidation and reduction for aerobic
and anaerobic conditions

* Will be included in distribution version in the next update
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Table 2
Typical Problems Addressed by CE-QUAL-RI

Onset, extent, and duration of thermal stratification

Location of selective withdrawal intakes to meet downstream
water quality objectives

Cause and effect relationships involved in reservoir water
quality conditions

Effects of structural and operational alternatives on in-pool
and release water quality ‘

Onset, extent, and duration of anoxic conditions
Magnitude and timing of algal blooms

Appearance of reduced substances

Effects of upstream land use

Effects of storm events

Assistance in real time management of water quality
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To assist the user in determining values for model coefficients, a report sum-
marizing relevant literature sources (Collins and Wlosinski, 1983) is avail-~
able. A Monte Carlo subroutine is also available for examining effects of
uncertainties in coefficients on model results. This capability allows the
user to place confidence limits on predictions. To reduce model calibration
costs and complication, a submodel (CE-THERM-R1) can be used to model thermal
behavior, physical processes, and comservative constituents prior to full
water quality simulations. The release version of the code also contains a
flexible graphics package which allows the user to display simulation results
in a variety of informative formats.

During the developmental years, CE-QUAL-R1 was applied to about a half
dozen reservoirs. The model is currently being applied to DeGray Lake, Ark.,
Eau Galle Lake, Wis., and Lake Ashtabula, N.D. Results of the DeGray and
Eau Galle verification studies will be provided in two EWQOS reports.

The code and user manual were initially released in April 1982 with the
first revision in December 1982; both are available upon request. About
100 requests have been received as of December 1983. The next update is
planned for September 1984. This update will include algorithms for ice
cover, pumped-storage, afterbays, and peaking hydropower withdrawals, and
improvements to several chemical/biological compartments.

CE-QUAL-R2

In many CE reservoirs, significant gradients in water quality conditions
occur along the longitudinal as well as the vertical axis of the reservoir.
When the purposes of a water quality study require that explicit attention be
given to such gradients, a 2-D model must be employed. Although a 2-D model
is more realistic of the physical conditions, it is also more costly and dif-
ficult to use. For example, a 2-D model application can be as much as an
order of magnitude more expensive than that for a 1-D model. For practical-
ity, the 2-D model is limited to about half of the number of water quality
constituents as the 1-D model, thus reducing complexity and computational
burden while losing some water quality information. If longitudinal defini-
tion is not required, a 1-D reservoir model should usually suffice and is
recommended at this time.

With the exception of the number of water quality constituents included,
the 2-D model can address the same problems as the 1-D model. Additionally,
the 2-D model could be used to address questions relating to longitudinal
gradients such as those shown in Table 3.

CE-QUAL-R2 is a derivative of the Laterally Averaged Reservoir
Model (LARM) developed by J. E. Edinger and Assoc. (JEEA) Inc. of Wayne, PA.
Years of effort by JEEA and the Waterways Experiment Station (WES) went into
the evolution of CE-QUAL-R2. The code is arranged such that hydrodynamic and
water quality variables can be computed simultaneously or separately in which
case the hydrodynamics would be solved initially with output files used to
drive subsequent water quality simulations. The latter option permits cost
savings during a study. The user can also specify the level of water quality
detail, for example, temperature and conservative constituents only (level 1)
or these plus twelve nonconservative constituents (level 2). A third level of
definition includes reduced substances under anaerobic conditions; this level
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Table 3
Problems Addressed by CE-QUAL-R2

Same as those in Table 2

Longitudinal variations in trophic state and other conditions
such as:

Development of upstream anoxic conditions and their advection
into the main pool

Occurrence of midpool algal blooms

Longitudinal location of project features such as recreation
sites

Occurrence of density currents and their effect on circulation
and water quality
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will probably remain developmental for some time in the future. The code also
allows simulation of branched and looped reservoir systems. The formulation
and solution schemes employed permit economical simulations relative to other
2-D models; simulations of stratification cycles are practical,

During FY 84, the water quality algorithms will be incorporated into the
final version of the underlying hydrodynamic code and tested on DeGray and
Canyon Lakes. A user manual and evaluation report will be completed at the
end of FY 84. The CE-QUAL-R2 code will be released during early FY 85.

Riverine Models

Two unique riverine water quality models have been recently developed to
address many of the waterway related questions of the CE. Both models allow
simulation of dynamic conditions. One model is 1-D (longitudinal) and is
referred to as CE-QUAL- RIV1; the other is 2-D horizontal (depth integrated)
and is named CE-QUAL-RIV2,

CE-QUAL-RIV1

CE-QUAL-RIV] was originally developed by Bedford, et al. (1982) for the
Ohio State EPA and later enhanced for the Waterways Experiment Station. The
program is actually a two part code for hydraulic routing and water quality
simulation. The hydraulic routing is accomplished with the efficient and
accurate four-point implicit method. Water quality transport is also done
with-a highly accurate scheme to reduce numerical error. Water quality con-
stituents include temperature, algae, nutrients, DO, CBOD, and coliform bac-
teria. Soluble iron and manganese are being added. The code allows for
dendritic (multiple branching) systems with in-stream hydraulic control
structures.

This type of model would be especially useful for addressing water qual-
ity questions below peaking hydropower projects or for similar dynamic dis-~
charges and for modeling the effects of riverine control structures such as
reregulation dams and multiple run-of-the-river lock and dams.

CE-QUAL-RIV1 is being applied to the Chattahoochee River (below Buford
Dam to Atlanta) for the South Atlantic Division, CE, to study the effects of
the proposed reregulation dam below Buford Dam. The code and user manual will
be released at the end of FY 85.

CE-QUAL-RIV2

CE-QUAL-RIV2 is a two-dimensional, depth-integrated, unsteady flow water
quality simulation code. This code is presently under development and is
being tested for riverine conditions; however, the code permits the evaluation
of both lateral and longitudinal water quality gradients in any shallow, ver-
tically mixed water body. Through the use of a grid technique known as
boundary-fitted coordinates, this model can be fairly easily applied to prob-
lems with complex geometries.

CE~QUAL-RIV2 is also two separate codes, one for hydrodynamic computation

and the other for water quality computation. The hydrodynamic code was origi-
nally developed by Johnson (1980) and is known as VAHM, Vertically Averaged
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Hydrodynamic Model. The water quality compartments are similar to those of
CE-QUAL-RIV1. Output from the hydrodynamic code is used to drive the water
quality code.

The code and user manual will be released at the end of FY 85. It is
envisioned that this model would be used to address water quality questions
for wide (possibly braided) rivers and shallow lakes and estuaries with com-
plex geometries.

Conclusions

A variety of numerical water quality models are (or will be) available to
address CE water quality questions. Not all water quality questions require
the use of a numerical model to resolve. However, it is very difficult to
make sound decisions with respect to water quality management without the
benefits provided by a model of the system. There are time and cost require-
ments associated with setting up a model; therefore, the benefits should
exceed the expenses before implementing a model. One major benefit that is
often overlooked is that after a site-specific model is developed, it can be
used for years to come to address pre- or post-project conditions and to
assist in making future decisions. Long-term benefits of a model should be
considered when trying to justify the expense and training required to apply
the model.
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Laboratory Quality Control
by 1/
Richard E. Enrione—

Quality Control and Quality Assurance cover a wide range of topics even if
restricted to only the problem of water analysis; it also varies with job
responsibility. Quality Control from the viewpoint of the lab manager is not
necessarily the same as that of a data user or a requisitioner of lab
service. The Corps of Engineers is not in the business of collecting data for
tabulation or independent research; the data are used to drive operating
decisions; and quality control programs should keep this in mind. Most
importantly, quality control costs money. What I hope to do is give you some
insight into quality control problems in the laboratory so you can spend your
money wisely. 1In doing so, I will cover such topics as the statistical nature
of analytical results, the sources of laboratory errors, and the implication
of these in data evaluation. It is worth pointing out that quality control is
at least in part a philosophical subject and that while cost benefit ratios
are often implicit in many quality control decisions, it is not usually taken
directly into account in a laboratory doing routine chemical analysis. I'll
end with some examples and a few brief guidelines and opinions. Most of my
remarks will be limited to laboratory operations, leaving to you the
appropriate extrapolations to field work.

The statistical nature of any measurement is well known to all of us. 1If
you send duplicate samples to a lab, you will probably get different results;
if you send them to two different labs, you will almost certainly get
different answers. On the other hand, if you try to measure a cereal box to
the nearest micron, you will always get different answers; but measured to the
nearest foot all cereal boxes are the same size.

The laboratory objective is to f£ind the appropriate procedures to solve
the problem. 1In the office, examining lab results, it is important to
consider the statistical nature of that result.

A traditional way to describe two important concepts—-accuracy and
precision-is with bullseye diagrams. Figure 1 shows the scatter of analytical
results for the extreme case of high accuracy (the average is on target) and
low precision (any individual answer is very different from any other). This
is typical if random errors are dominant. Figure 2 is the case for low
accuracy (the average is off center) and high precision (repeated analysis are
close together). This is the case in which systematic errors dominate.

There are several points connected with both of these diagrams which are
often neglected. Figure 3 indicates the problem of scale and implicity asks
the question, what are you going to do with the data? High precision costs
money. What precision do you need to solve your problem? A second point is
the source of the scatter. Suppose this represents only the laboratory
scatter. In that case, each point on the diagram should be viewed not as a
point but as the circle of another bullseye representing all other causes of
scatter. If the scatter from these other circles is great enough, improving
the quality of lab results may gain nothing. Put in statistical terms, the
total standard deviation is equal to the square root of the sums of the
squares of the individual standard deviations. So if the 1lab standard
deviation is 2 and other sources of the scatter produce a standard deviation
of 4,the total standard deviation is about 4.5. Not much can be gained by
better lab results.

—l—/Chemist, U.S. Army Corps of Engineers, Ohio River Division
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Figure 4 is to indicate that in the case of accuracy, the targets do not
represent an abselute. They are often concensus or mandated targets. Zinc and
its alloys are sold by impurity content. Several years ago, the zinc
association prepared a series of standards to be analyzed by emission
spectroscopy. All zinc sold was referenced to these standards by this
method. Whether or not these were “true" values did not matter. The EPA does
the same thing with its list of methods and control samples. In an absolute
sense, the answers may in fact be wrong. It is a mechanism to get labs to
agree. One result of this is that procedures developed for different purposes
can give seemingly inconsistent results.(It should not come as a surprise if
individual phenol type compounds analyzed by gas chromatography do not add up
to total phenolics measured colorimetrically.)

These diagrams are concentration dependent. Figure 5 shows a schematic
plot of how the standard deviation changes with concentration for a typical
analytical method. The general shape of the curve is due to the different
sources of error that predominate at different concentration levels and
establish the upper and lower limits of the method. These limits and, in
particular, the detection limit, are a matter of choice. The percent error
that the analyst considers tolerable sets the detection limit. These curves
and the detection limit will vary from method to method for the same
parameter.

Basic to this diagram and all statistical considerations are the
definition of the population, the assumption that population is sampled
randomly, and the assumptions about population distribution. Generally,
curves such as these are obtained for standards not samples. They will be
different for real samples. The standard deviation of a series of
measurements on a standard is different from that of a real sample, and it
varies from sample to sample. The repeatability of results at the detection
limit is not the same from sample to sample. Normally, statistical
measurements are made on standards, typically pure compounds in distilled
water. It is assumed that the statistical inferences apply to samples. This
assumption may be valid or may be grossly in error. The actual standard
deviation on any given sample for most labs performing routine environmental
analysis is rarely known.

For samples on the flat part of the curve near the detection limit, there
are some interesting statistical effects. The curve in Figure 6 represents
the normal distribution for sampling a population. It indicates that for any
given result there is a 16 percent probability that the answer is at least 1
standard deviation too high, 2.3 percent at least 2 standard deviations too
high, etc.; the same would be true on the low side. To reiterate this curve
is sample dependent. 1In addition, it assumes a normal distribution of errors;
this is not always the case.

Consider the case where the mean concentration has a value of 5 with a

standard deviation of 1 and, as often happens, the instrument measures to the
nearest .1 and the results are then rounded to the nearest unit. Then, 30

percent of the results will be reported as 4 or less, and 7 percent as 3 or
less; 30 percent reported as 6 or more, and 7 percent as 7 or more. Suppose
the concentrations were lower: if the concentration is 1, then 30 percent will
be reported as 0--false negatives; if the concentration is zero, then 30
percent will be reported as 1 or more--false positives.
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Now, however, we program our analytical instrument or computer to set 1 as
the detection limit. Then at a concentration 1l, 50 percent of the values will
be reported as less than l--false negatives, but only 30 percent of the zero
will be reported as 1 or greater--false positives—-an obvious bias in the
data.

If the standard deviation is improved, but the other conditions held
constant, the bias is even greater. There is a different set of assumptions
in which the degree of bias is smaller. Unfortunately instrument
manufacturers usually do not tell you how they program their machines, and it
is normally not controllable. But in any case, there will usually be a bias
in data at the detection limit.

Sometimes attempts are made to improve the precisions of the result by
doing multiple analysis and averaging. It would take gquadruple analysis to
reduce by one-half the percentage error; stated alternatively, the standard
deviation is proportional to the square root of the number of replicates.
This is usually not a cost-effective way to improve precision.

The sources of errors in laboratory analysis are typically divided into
random and systematic to which will be added outliers and sample problems. In
a certain sense, all errors are random if the population is large enough for a
significant number of errors of a given type to accumulate. The distinctions
here are based on the fact that in typical laboratories certain classes of
errors are frequent enough to be amenable to statistical measurement and
others are not.

The three main sources of random error-—-operater skill, robust method and
instrument specification-are all interrelated. The instrument specifications
represent a lower limit. A few highly skilled operators may be able to do
marginally better, but for well designed instruments and methods even a poorly
skilled operator will get acceptable results. There are some lab operations,
pipetting small amounts of liquid, cleaning glassware, etc., which are highly
dependent on the technician. Robust methods refer to slight variations in
procedures which have not, or cannot, be documented and which influence
results. An extreme case is one in which an analysis can only be performed by
few people and it cannot be duplicated by others from the written procedure.
In some cases, zinc analysis for example, the limiting factor is environmental
variation; zinc, in easily detectable amounts, is present in dust in the air.
Random errors cannot be eliminated, only reduced, and depend on operator skill
for that particular analysis.

Systematic errors are ones which can be eliminated if detected, but often
go undetected for long periods. They can be caused by things such as poor
choices of methods or standards, grating misalignment in an instrument, or
poor housekeeping procedures which allow contamination of nutrients with
nitric acid from metals analysis. For most environmental analysis, the
problems of methods and standards have been defined out of consideration by
using the prescribed choices. Systematic errors usually arise from management
inattention or ignorance.
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I've broken outliers into three classes: statistical, environmental, and
gross error. In any analysis there are a large number of sources of random
errors which are usually small and which tend to cancel each other; there is a
small, though finite probability, that in some particular sample they will be
large and additive. There are a variety of environmental flukes in any lab--a
few specs of dust from an unknown and transient source contaminating a few
samples in a batch, but not the quality control checks. Gross errors are
those outside normal operator skill considerations--a sample is accidentally
poured in the sink instead of a test tube and the error was not caught. 1In a
study comparing Atomic Absorption and Emission Spectroscopy several years
ago, 5,000 samples were split in two parts for analyses. In six of these
samples, the results indicated that one of the two contained only distilled
water when it arrived at the instrument.

The last category of laboratory errors are sample problems: those things
which the method is supposed to account for but can't. Inhomogenous samples
can never be subsampled in the lab without introducing some error--and most
environmental samples are inhomogenous. Environmental samples change with
time; the recommended preservatives don't always work. Matrix variation
refers to those problems which are in excess of that anticipated by the
method. This can range from things like unusually high manganese suppressing
phosphate to too much salt or organics affecting the viscosity and hence the
volume of solution asperated into an atomic absorption spectrometer.

The major elements in quality control programs fall into two categories.
One might be termed general laboratory operations--personnel, procedures,
methods, etc.; next are the measurements which indicate the effectiveness of
the program. The first group has been detailed in a variety of documents from
ETL's, to EPA inspection manuals, to various sections of the Federal Register
and will not be repeated. Several things are often omitted in these
documents. Five will be discussed here: personnel, results of QC
measurements, standards, methods, and evaluations of laboratory evaluations.

For routine analysis, a dedicated, experienced high school graduate will
often get better results from even complex instruments than PhD's who think
they are doing research. The best GC/MS or emission spectrometer operators I
have known never went to college, but they learned enough chemistry and enough
about their instrument to produce superior results, including data
interpretation.

Why does a laboratory do quality control? What do they look for? What
happens if they find it? Under what circumstances do they shut the lab down
to correct a problem? Under what circumstances do they rerun samples? Have
they ever stopped running samples? Have they ever repeated batches of
samples? Remember sooner or later everyone goofs.

What is used for standards? This is a complex problem and depends on the
analysis being performed. Good practice requires that the standard match the
samples as closely as possible. For some environmental samples, the distilled
water standards usually used are a good approximation, provided no separation
concentration steps are involved. In most cases, however, it is just the best
of a bunch of poor choices. 1In many cases, good standards, or any standards,
particularly in the case of organics, simply do not exist. There are some
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laboratories which try to impress you by saying that they use EPA's Q.C,
sample as standard. This represents a gross misuse of these samples and
indicates a lack of understanding of quality control.

The EPA methods typically used in analytical laboratories tend to be
compromises rather than optimized for sensitivity or freedom from -
interferences. For environmental samples, the only barriers to finding any
naturally occurring elements, and a variety of organics such as PCB's,
chlorinated pesticides, phenols, etc., are the skill of the analyst, the skill
of the sample collector, the size of the sample, and the cost,

What does the bureaucratic nitpicking that takes place at laboratory
evaluations gain you? It is an insurance policy, but insurance companies have
gone bankrupt and some insurance companies are out to milk the public.
Professionals doing an honest job guided by experts who can properly define
problems and know how to approach their solution are worth reams of QC data.
With regard to experts, research labs are rarely suited for routine analysis
and routine labs can't do research. Some labs are often referred to {(in a
derogatory sense) as "number generators.” Number generators produce some of
the most reliable results available--just don't expect good results from
analyses they don't normally perform.

Error measurements generally involve duplicates, split samples, synthetic
samples and spiked samples.

Duplicates are when you divide the sample in two parts in the laboratory,
run both and perform some sort of comparison of the results. This is probably
the most common form of Q.C. measurement made. If you are in the business of
buying analysis you should be able to get this data ahead of time. Duplicates
mainly detect random lab error, particularly poor operators. If properly
performed (it often isn't) it can also detect cross contamination. The
problem with duplicates is that they are usually run on real samples and there
is no way to distinguish between sample inhomogenity and random error. 1In
addition, large numbers must be run at assorted concentration to get
statistically significant information.

Splitting samples with another lab is an excellent but seldom used
procedure. The difficulty is insuring that the samples are indeed the same;

this reaquires homogenous samples which do not change with time. It is an
extremely powerful method of detecting laberatory bias.

Synthetic samples are probably the most cost-effective way of detecting
laboratory bias. The three basic types in order of increasing effectiveness
are: EPA type in which water is spiked with a known amount of analyte;
analyzing a standard made and used in another lab; and NBS type which is an
actual sample with known concentration. There are relatively few of the NBS
type for water analysis although non-water types can often be used.

Spiked samples cover a wide range of techniques. The most common is to
add a known amount of analyte to a separate portion of the sample and evaluate

the difference between the spiked and unspiked results. There are many
problems with this. For optimum results, the samples should not be near the
detection limit and the added amount should be comparable to the amount
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present. If these conditions are not met, normal variations will mask any
problems. The most useful aspect of this technique is to detect cases where
other substances in the sample either suppress or enhance the signal from the
analyte. These kinds of effects are both small and rare. If they are
suspected, a careful study should be made of all related samples rather than
a random spiking of samples. In organic analysis, a common technique is to
spike all samples with a surrogate compound, which cannot be in the sample,
and evaluate the results of that sample by the results found for the spike.
This approach can detect both systematic and random error. There are several
other spiking techniques which are not usually used in environmental
analysise.

The three following data sets illustrate problems in converting laboratory
data into meaningful information. Figure 7 gives the standard deviation
expressed as a percentage of the concentration for a varietv of analyses
performed by the Food and Drug Administration. The quality control procedures

used in their labs are probably better than most: they take great pains to
insure that all of their labs will get the same result on the same sample.

This probably represents a reasonable limit achievable at other labs. Note
that for most substances of environmental concern variations are in the range
of 30-60 percent or worse. These results are quite good when compared with
the initial analysis of the moon rocks. These rocks were analyzed by the best
labs in the world, but without interlaboratory quality control. The results

are too embarrassing to report.

The Control Charts in Figure 8 are from an EPA Love Canal study of
occurrence of priority pollutants. Each sample was spiked with a compound of
fluorobenzene which would not occur in any sample. Lab A shows a much higher
scatter than Lab B; B drifted out of control, then was brought back in. On the
surface, it seems that Lab B was doing a better job. However, the following
point needs to be clarified before the conclusion is justified. Were the
samples paired, or were they at least taken during the same time frames with
random chances for the sample going to either lab? 1If not, there are a great
many other variables (e.g., groundwater flows) which could contribute to the
difference.

Figure 9 seems to compare two different sampling techniques, but it really
shows that the laboratory cannot overcome poor sampling choices. If the
purpose was to determine the spacial distribution, a table of random numbers
would give perfectly adequate results for the discrete samples. In the case
of the integrated sample, it is well to keep in mind that pE O and pH 14 are
both lethal but the average is harmless; there is also the nagging problem of
how do you know there was no cross contamination after the very high samples
were collected.

Finally, experimental design and data interpretation are an integral part
of quality control. Unless you know the kind of information you want (not
data, but how do I operate this reservoir to minimize algae growth, or does
this dredge material meet the criteria for open water disposal), you cannot
make the most cost-effective use of your quality control dollar.
Environmental and engineering studies could benefit by medical experience
which requires detailed protocols, laid out in advance, covering all aspects
of the project, particularly the exact procedures for evaluating the data and
drawing conclusions.
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Where samples are few and costs in the millions (nuclear test), it makes
sense to get the most information possible out of each sample. Where sample
material is plentiful and the incremented cost of additional samples is small,
a different approach is desirable.

My personal opinion is that, usually in the case of environmental samples,
too much effort is placed on getting the best answer for a particular sample;
not enough effort is given to the space/time variation of parameters of
concern; and no effort is spent on how laboratory variation relates to
space/time variation and how together they impact on decision directing
information.
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COMPARISON OF DISCRETE SAMPLING DEPTH MEAN
WITH VALUE FROM INTEGRATED SAMPLES FOR
TOTAL COLIFORMS (AFTER THORNTON ET AL. 1980).

—

MEAN FOR DEPTHS | INTEGRATED SAMPLE
0,3,5 METERS OF UPPER 5 METERS

DATA |TOTAL COLIFORMS | TOTAL COLIFORMS
CELLS/100 ML CELLS/100 ML

5-27 237 5000
5-31 467 700
6—-2 167 58000
6-6 333 10700
6—9 633 26000
6—12 600 ~

6—15 367 52000
6—16 4233 2500
6—18 933 3000
6—21 1000 36000
6—23 5600 19800

Figure 9
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MONITORING: DEFINING OBJECTIVES AND
SAMPLE DESIGN

by

Robert H. Kennedy, Ph.Dn.l

The U.S.Army Corps of Engineers and other federal and state
agencies are currently active in the acquisition of water quality
data for the purpose of defining and documenting water quality
conditions in this nation’s lakes, reservoirs, and rivers, and as
a means for assessing various potential ameliorative activities.
While highly variable between and within agencies, regulations
requiring the collection of water quality data seldom prescribe
the manner in which data are to be collected. 1In most cases,
those delegated this responsibility must apply expertise gained
from a variety of technical and academic backgrounds. The result
is often a lack of consistency. Problems of adequacy of the
sampling program are also frequent. While accentuated by the
fiscal realities of tight budgets, these problems frequently stem
from poor sample design.

Sampling or monitoring programs attempt to determine
characteristics of a lake or river based on an evaluation of
samples. 1In statistical terms, qualities (e.g. mean, variance,
etc.) of the target population (i.e. all possible observations)
are inferred from a sample population (i.e. sampled observations).
In most instances, the sample population represents an extremely
small subset of the target population. If, for instance, ten
l-1liter samples are withdrawn from a reservoir containing ten
million cubic meters of water, the characteristics of that
reservoir must be inferred from the characteristics of a volume of
water representing only 0.0000001 percent of the entire reservoir!
Clearly, the manner in which the samples were collected and their
representativeness will have great bearing on the final outcome of
any interpretation of the data. Sample design must, therefore,
receive careful consideration prior to the initiation of any
sample collection.

The development and conduct of sampling or monitoring
programs occur in five distinct phases: problem identification,
objectives definition, sample design, implementation, and data
management and interpretation. The problem identification stage
serves to delimit the area of direct interest (i.e. defines the
target population). For instance, if algal blooms are perceived
by the public as an impairment to recreational enjoyment and the

1
Limnologist, Ecosystem Research and Simulation Division, WES.
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responsible agengy desires to conduct studies of this reported
problem, an understanding of the scope of the problem will be
required. Should studies be conducted in all lakes and reservoirs
under the agency's jurisdiction or only that lake for which
complaints have been received? Are all portions of the lake(s) to
be considered in these studies?

Once the problem has been clearly identified, study
objectives must be unambiguously defined. Most monitoring
objectives fall into three generic categories: determination of
"average" conditions, identification of "extremes,'" and trend
detection. The determination of average conditions, as might be
attempted in an evaluation of trophic state, generally involves
the pooling of data collected at several statioms. If station
locations have been assigned based on a knowledge of variability,
the importance (i.e. weight) of individual observations can be
scaled prior to averaging. This generally involves the use of
scaling factors based on representative areas or volumes.
Tdentification of extreme conditions in time or space, an
important consideration in cases in which standards or criteria
are to be enforced, assumes an understanding of spatial or
temporal variability. Emphasis here is placed not so much on
representativeness per se as on the range of exhibited conditions.
Methods for detecting trends, generally through time, are
frequently employed in the evaluation of the impacts of
perturbations or operational changes.

Sample design, or the plan by which sample locations,
frequencies, and variables to be studied are specified, is often
the most important, yet most overlooked, step in the conduct of
sampling programs. Estimates of the characteristics of the
environment are inherently imprecise due to the variable nature of
these systems and the manner in which information is obtained. 1In
statistical terminology, the sources of this uncertainty are
error, random variation and bias. Bias, or non-representativeness,
which is often attributable to poor sample design, can be reduced
by careful planning. As uncertainty is reduced, the informational
value of the resulting data will be increased. In gemneral,
reductions in the degree of uncertainty are realized when sample
effort is increased. While dincreasing the number samples and the
frequency with which they are collected would appear to improve
any sample design, problems of cost and redundancy can occur.

Thus, sample design must provide a means by which uncertainty

can be reduced within realistic cost constraints. Sample design
must also allow for a quantification of variability of uncertainty,
since this will provide a measure of the informational value of the
resulting data.
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Random sample designs, which require a random distribution of
sample effort, are often employed in situations in which the
heterogeneities or patterns in variability are unknown or
insignificant. For instance, a completely mixed reservoir would
not be expected to exhibit significant spatial patterns in the
degree of variability between successive samples, and sample
locations (i.e. stations and depths) could be assigned randomly.
If, on the other hand, the reservoir exhibits significant spatial
patterns, a stratified random sample design would provide a more
efficacious and statistically defendable approach. For example,
most lakes and reserviors are thermally stratified and as a result
exhibit pronounced vertical differences in the concentrations and
variability of several chemical, biological, and physical
variables., If zones or strata having similar variabilities can be
identified, then sample effort can be distributed among strata
with respect to stratum variability and randomly within each
stratum. Such an approach would place greatest sampling effort in
strata exhibiting the greatest variability and would reduce the
collection of redundant information from strata exhibiting little
variability. Following the same reasoning, sampling frequencies
could be assigned by considering temporal patterns in variability.

Decisions concerning the type of sample design to be employed
in any particular study are facilitated by the analysis of
historical data or data collected during preliminary studies.

Such data provide an estimate of variability and an approximation
of the anticipated mean condition, both of which can be used in
the estimation of sample number. This calculation involves a
consideration of the probability that the mean of a sample
population having n members is not significantly different than
the mean of the target population. Obviously, the number of
required samples will be a function of the variability of the
system under study, the variability of the sample population, and
the desired probability specified by the researcher.
Unfortunately, the optimal number of samples often exceeds cost
limitations. In such cases the researcher must proceed with less
than the optimal number of samples or re-evaluate the efficacy of
initiating the sampling program. In the former case, it is
critical that uncertainty or error be estimated and discussed when
summary statistics are presented.

With the problem statement and study objectives clearly
defined and a statistically sound sample design established, data
collection and interpretation efforts can proceed using accepted
standard methods. Time and effort expended in program design will
facilitate these efforts and insure that meaningful results can be
obtained. It is important to realize that it is extremely
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difficult to refute sound conclusions drawn from a well designed
and implemented data collection program.

The Environmental and Water Quality Operational Studies
(EWQO0S) Program, sponsored by the Office of the Chief, U.S.Army
Engineer and administered by the U.S. Army Engineer Waterways
Experiment Station, was designed to address water quality problems
common to many Civil Works projects. These studies included a
number of investigations of water quality conditions in several
reservoirs. Realizing the complex nature of these large,
river-fed lakes, considerable effort was expended on evaluating
methods for designing sampling programs that were cost-effective
and statistically-defendable., Preliminary results of these
evaluations have been reported, and two EWQOS Technical Reports are
in preparation. These reports, which will deal with both sample
design and data interpretation, will be available in FY 85.
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A WATER QUALITY DATABASE MANAGEMENT SYSTEM

by
Robert C. Gunkel, Jr.*

INTRODUCTION

The U. S. Army Corps of Engineers (CE) Environmental and Water Quality
Operational Studies (EWQOS) research program established a number of objec-
tives to be met by the Reservoir Field Studies (RFS) team. In order to pro-
vide the information necessary to meet these objectives, numerous and diverse
limnological data were collected at four representative (CE) reservoirs. The
magnitude of such a program made the management of information a critical
phase in research design. The establishment and successful operation of a
database management system (DBMS) was essential for achieving research objec-
tives. Although the RFS DBMS application is not a database management system
in the purest sense, it still prescribes to conceptual characteristics of data-
base management systems and involves the management of a large water quality
database. This paper will present basic concepts for database management sys-
tems, overview the Statistical Analysis System (SAS Institute Inc., Cary, NC),
and describe the RFS DBMS.

CONCEPTS OF DATABASE MANAGEMENT SYSTEMS

Several definitions may be helpful before continuing. A database is a
collection of interrelated stored data used for multiple applications by some
particular organization (1, 3). A database system is nothing more than a com-—
puter based system for recording and maintaining information (1). A database
management system is a combination of personnel, materials, and methods that
provide a structured mechanism for processing raw data into useful information
for subsequent decisionmaking processes (2).

One valuable asset of a database system is that it provides centralized
control of the database (1). The database administrator (DBA) is responsible
for the design, maintenance, and overall control of the database system. Many
advantages accrue from a centrally controlled system. Data redundancy can be
controlled by either eliminating redundancy entirely or partially. If it does
not benefit an organization to eliminate redundancy entirely, then the possi-
bility of inconsistency within the data exists. Centralized control and a DBA
aware of such redundancies can plan for and guarantee updating of redundant
data. Data in the database are available for and can be shared by multiple
users for many different applications. Not only can several users access the
database at one time, but it is possible for them to actually be using the
same piece of information. Measures for security can be easily established
and controlled, ensuring that database access is only by authorized users.
Centralized control also aids in maintaining data integrity. Again it is the
responsibility of the DBA to define validation procedures on update operations
in order to maintain data integrity. Overall, a centrally controlled database
provides for better data management.

An effective water quality DBMS is developed through three distinct
phases: 1) Data Acquisition, 2) Data Maintenance, and 3) Data Utiliza-
tion (4). Data acquisition involves experimental design, sample collectiocn,
and laboratory analysis. All strategies, methods, and techniques for sample

*Biologist, Environmental Laboratory, Waterways Experiment Station
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collection and laboratory analysis are planned in the experimental design.
Data maintenance includes all handling of data in the database system. This
handling includes data entry and verification, file establishment, data and
file manipulation, update, retrieval, and storage. Data utilization includes
analysis and utilization. Data analysis uses statistical methods to reduce,
summarize, and analyze data into meaningful information. These analyzed data
are then utilized for some decisionmaking process.

THE STATISTICAL ANALYSIS SYSTEM (SAS®)*

The Statistical Analysis System is a computer software package that pro-
vides utilities for datg management, statistical analysis, report writing, and
graphics. Although SAS™ is not a pure DBMS, it does provide an organization
with thé utilities to manage data. Using the simple free-format SAS® language and
the numerous procedures the end-user is able to manage, analyze, and present
data. The job would otherwise re&uire a-computer specialist and many pro-
gramming hours. In addition, SAS can be interfaced with Fortran and PL/T
program languages.

Data management utilities include data entry techniques, data and file
manipulation, and documentation. The capabilities for reading data are very
flexible in allowing list, column, or formatted input from various devices
(i.e., cards, tape, disk). 1In addition, multiple observations can be created
from one input record, or several input records can create one observation.
Similarly, one reading of an input file can produce multiple output files, or
several input files can be read simultaneously to produce one output file.

Other management utilities exist to manipulate data and files for organ-
izing, managing, and storing data values. SAS provides both a line and full
screen editor for editing and updating data. Manipulation of data values and
files is achieved by using the internal language with its many statistical and
mathematical functions and expressions. Tools for transforming data values,
creating or deleting variables and observations, as well as file management
tools for sorting, subsetting, concatenating, match merging, and interleaving,
are available.

. , . ® _.

Documentation is an important part of any system. SAS files are auto-
matically self-documenting, since all data values are described by variable
name and whether it is numeric or character. Additionally, data values are
documented as to the number of bytes used for storage, location in the file,
formats used to read or print, and a 40-character descriptive label. Source
statements and comments used in creating the file, time, date, and number of
observations are also documented.

As a tool for data analysis SAS® provides numerous statistical proce-
dures, ranging from descriptive statistics for data reduction and summary to
more complex statistical procedures of multivariate analysis, regression, and
analysis of variance. Data results can be presented as a report using SAS
report writing capabilities or the user can write tailored reports using the
internal language. 1In addition, a graphics package provides procedures

* SAS® is the registered trademark of SAS Institute Inc., Cary, NC 27511-8000.
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for producing plots, charts, maps, contour plots, and 3-dimensional plots.
Utilities for producing color graphics are also available.

RESERVOIR FIELD STUDIES DATABASE MANAGEMENT SYSTEM

We in the RFS use existing computer facilities and SAS® in order to alle-
viate our data management problems. SAS® not only provides us with a powerful
statistical package, but it also provides us with data management utilities,
report writing, and graphic presentation capabilities. Organizations such as
the RFS that do not require full-blown DBMS's or do not have DBMS—tra%ned
people can take advantage of the database management utilities in SAS . The
RFS DBMS was developed using concepts described earlier.

Data acquisition involves our experimental design, field sampling, and
laboratory analysis. All RFS personnel are involved in experimental design,
which includes the planning and strategy of sample collection and laboratory
analysis. Determining the period and frequency of sample collection, the num-
ber and location of stations, variables to be measured, and techniques and
methods to be used are all part of experimental design. Sample collection
involves the collection of field measurements and water samples, ensuring that
proper methods and techniques are followed. Laboratory analysis ensures that
proper methods and techniques are performed, as well as establishing necessary
quality control. In addition to collecting and analyzing samples, field and
laboratory personnel have the responsibility for recording data values accu-
rately. The RFS's code form design incorporates the needs of both those
recording data and those entering data into the database system. Errors due
to transcription from field or laboratory notebooks to appropriate computer
forms for system entry have been eliminated by providing a direct link between
data recording and data entry.

Data maintenance consists of the overall handling of recorded values from
entry to storage. Code forms are reviewed for completeness and photocopied
upon arrival from field or laboratory. The copied forms are used for entering
data into the database system. The computer data file is scanned for errors
using an editing program written in SAS language. This program checks for
the presence or absence of identifying variables and verifies that ranges of
quantitative variables are acceptable. While this program can locate many
errors, subtle errors may only be detected through point by point verifica-
tion. Therefore, a printout of the data file is checked by RFS personnel with
the original code forms. This step may seem time consuming and tedious, but
it has proven very important in ensuring that the data values are as accurate
as possible. After verification and corrections have been made the files are
consolidated and grouped logically by reservoir, study area, study type, and
period. This file structure was chosen because it provided the end-user with
a functional data package for statistical analysis.

Ultimately the files are stored on a central database disk. This central
disk is composed of five mini-disks, one for each reservoir and one for mis-
cellaneous data files. All privileged users have read access to any mini-disk
by simply entering a keyword for that mini-disk. Security of the database is
maintained by permitting users read only access. In addition, only the DBA or
people with permission have write access to the database, thereby ensuring the
integrity of the data. Protection from system failure and the loss of data
files are established by maintaining tape backups on all files.
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The final phase jin the RFS DBMS is to analyze and utilize our water qual-
ity data. We use SAS statistical, graphical, and report writing capabilities
for processing and presenting our water quality data. The statistical proce-
dures provide a means for analyzing large packages of data into meaningful
information. We use SAS graphics for exploratory analysis as well as presen-
tation of research results. The report writing capabilities provide a way to

format data as requesteéd by other users.

CONCLUSION

The objective of the RFS DBMS was to provide noncomputer type people the
utilities for entering, maintaini%g, analyzing, and presenting large amounts
of water quality data. Using SAS as a base we have included database manage~
ment concepts to develop a system that solves the RFS data management problem.
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WATER QUALITY DATA ANALYSIS

by

Robert F. Gaugush¥®

INTRODUCTION

Statistical analyses attempt to infer the characteristics of a group (the
target population) by analyzing the characteristics of a small segment of the
group (the sample population). Proper execution of the inferential process,
data analysis and interpretation, is essential if the data collection program
is to be cost-effective and provide significant information about the target
population. This paper presents a brief discussion of the exploratory and
confirmatory phases of data analysis and represents a distillation of an EWQOS
technical report entitled "Statistics for Water Quality Investigations" that
is currently being prepared at WES.

EXPLORATORY DATA ANALYSIS

The objective of exploratory data analysis is to uncover important prop-
erties of the data with the use of simple graphical displays and basic descrip-
tive statistics. The amount of data that results from any water quality
monitoring program is extremely large and exploratory data analysis represents
a means by which the data can be examined in a manageable format. This phase
of data analysis is essential because it not only familiarizes the investigator
with the data but it also serves to direct the confirmatory phase of data
analysis.

Data Displays

Before a data set is used to calculate descriptive statistics or to
perform any statistical analysis,it is extremely useful to look at various
displays of the raw data. Simple graphical displays can help identify the
need to edit or transform the data prior to conducting the statistical anal-
ysis. Most methods in statistics use summary values (e.g., mean and standard
deviation) and if the inferences made from the statistical analysis are to be
valid, then the summary values must be representative of the entire data set.
Simple data displays in the selection of the proper summary statistics ean
help to assure that the inferences drawn from a given analysis are valid.

Many statistical procedures assume that the data are distributed normally
and deviations from a normal distribution may result in invalid inferences
based on the statistical procedure. Frequency histograms can be used to deter-
mine if the data on a single variable approximates the normal distribution.

The histogram provides a representation of the distribution of the sample, which
is of considerable value in the selection of descriptive statistics. The
influence of the shape of the distribution on the selection of descriptive
statistics is discussed in the section on basic descriptive statistics.

* Biologist, Ecosystem Research and Simulation Division, WES
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Data displays are also useful in the identification of outliers. There
is no single accepted definition of the term "outlier," but the term is used
to identify observations that stand apart from the remainder of the data set.
Outliers can exert more than their fair share of influence on the value of a
number of statistics. Outliers must be carefully examined to determine if
they are legitimate observations rather than the results of sampling, analytical,
or coding errors. If the outliers can be rejected from the data set (i.e.,
they are legitimate observations), then it may be necessary to transform the
data in order to reduce their influence. Often, the logarithmic transformation
is sufficient to reduce the undue influence exerted by outliers in water
quality data.

The most important role of data displays lies in their use to discover
patterns in the data. Determining how the measured variables behave with
respect to space and time is crucial to the interpretation of water quality
data. Spatial patterns include the commonly observed changes with depth, as
well as the longitudinal changes that result from advective transport which
dominates many reservoirs. Temporal patterns can be diel, seasomal, or
long~term (over years). The presence of consistent spatial and temporal pat-
terns may allow for a modification of sample design that can lead to a reduc-
tion of effort. Identification of homogeneity in either space or time can be
developed into a stratified design where the number of samples taken in a given
area or over a given interval of time can be reduced.

Many statistics (e.g., the correlation coefficient and many statistical
procedures such as regression) are-basically concerned with the relationship
between two variables. The simplest and most efficient way to examine the
relationship between two variables, a bivariate relationship, is to use a
scatter plot. A scatter plot is simply a two variable plot of the data on an
X~y coordinate system. Scatter. plots will indicate the nature of the rela-
tionship, if any, between the two variables as well as indicate the existence
of any bivariate outliers.

Basic Descriptive Statistics

Water quality monitoring programs result in large amounts of data that
must be summarized in order to effectively transfer information. In summariz-
ing data a choice is made to sacrifice some of the information contained in
the entire data set for the convenience of a few well chosen descriptive sta-
tistics., 1t is essential that as much information as possible be summarized
by the descriptive statistics because the alternative may be a misrepresenta-
tion of the original data.

Generally, a data set can be adequately summarized by a measure of the
central tendency and by a measure of the dispersion about the central tendency.
Candidate statistics for central tendency include the mean, median, and mode,
and the candidates for dispersion are the range, standard deviation, and inter-
quartile range. The mean and standard deviation is justified (when the data
are normally distributed) but situations can and do arise where these statis-
tics can misrepresent the data.

A measure of central tendency is probably the single most useful statistic
to summarize a data set. There is no single, unambiguous definition of the
center of a data set but the concept implies either the middle of a set of
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points or the region where points are most common. Given that samples can
exhibit a variety of distributions when plotted as a frequency histogram, there
is no single measure of central tendency that is adequate for every situation.
In samples that approximate the normal distribution any of the candidate sta-
tistics (the mean, median, or mode) provide an efficient estimate of the
central tendency. If, on the other hand, the data are skewed either right or
left, the estimators of central tendency diverge. The mean is "pulled" in the
direction of the skew and no longer indicates the position of the majority of
the observations. In situations where the data are skewed considerably, the
median and particularly the mode are more efficient estimators of the central
tendency.

Measures of dispersion are used to describe the variability of the data
about the center of the distribution. The standard deviation is the most
commonly used measure of dispersion,and with data that approximate the normal
distribution the dispersion is effectively summarized by the standard devia-
tion. But, like the mean, the standard deviation is considerably influenced
by the presence of skew. Skewed distributions result in a standard deviation
that overestimates the dispersion in the shorter tail and underestimates it in
the longer tail. When the data are skewed it is preferable to use an alter-
native measure of dispersion that is not unduly influenced by the presence of
extreme values. The interquartile range, by describing the spread about the
median, is the candidate statistic that should be used to estimate dispersion
in skewed samples. Use of the sample range (difference between the highest
and lowest values) as the only measure of dispersion is not recommended because
it is not an efficient estimator of dispersion in that it considers only two
values from the entire sample.

CONFIRMATORY DATA ANALYSIS

The objective of this phase of data analysis is to statistically confirm
the presence or absence of certain properties in the data. Confirmatory data
analysis is directed by both sample design and the results of the exploratory
data analysis. Sample design determines the extent of what can be statisti-
cally inferred from the data. For example, data acquired from a sampling pro-
gram using a completely randomized design to determine the average phosphorus
concentration of a given reservoir may not be able to statistically confirm
the presence of spatial patterns. The patterns observed in the exploratory
phase direct the confirmatory phase in the sense that they suggest which
statistical techniques are best suited to confirm or deny their existence.
Confirmatory techniques can be conveniently divided into parametric, nonpara-
metric, and multivariate statistics.

Parametric Statistics

Parametric statistics is a term used to describe a body of statistical
procedures that test hypotheses about population parameters by examining sample
statistics. These methods are the most commonly used procedures in confirm-
atory data analysis and include t-tests, analysis of variance, regression
analysis, correlation, and others. In fact, these methods are used so often
that the underlying assumptions of these methods are usually not considered
before their application.
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All parametric procedures assume that the samples have been drawn at
random for a population with a normal distribution. Many procedures, partic-
ularly those involving multi-sample hypotheses, also assume that the variance
is homogeneous or equal between samples. These assumptions may not be met in
all cases and severe deviations from normality and equality of variance may
result in drawing invalid inferences about the population. Examination of the
data using histograms can indicate whether or not the sample seriously deviates
from the normal distribution, and tests concerning the homogeneity of variance
do exist. Fortunately, most parametric procedures are sufficiently robust to
withstand considerable departures from their assumptions, but situations can
and will arise when the use of parametric statistics is not warranted.

Nonparametric Statistics

Nonparametric tests represent a set of statistical procedures that can be
used when serious violations of the normality and/or homogeneous variance
assumptions are either known or assumed. These tests do not utilize estimates
of the variance, mean, or any other population parameters and do not consider
hypotheses about parameters -hence the term "nonparametric." Nonparametric
methods generally rely on a less stringent set of assumptions than parametric
procedures and as a result these methods are sometimes referred to as "distri-
bution-free" methods. The ability to analyze data without meeting the con-
straints of normality and/or homogeneous variance is not without some cost,
however. Nonparametric methods usually result in 1) less specificity in the
precise nature of the differences between populations and 2) less power to
detect differences that do in fact exist.

Most nonparametric tests employ the ranks of the measurements rather than
their actual values. For example, suppose five samples for turbidity were
taken from each of three regions (headwaters, mid-pool, and near-dam) in a
reservoir. All of the observations are then ranked in ascending order
irrespective of the region from which they were drawn. As a result, assuming
there are no tied ranks, the ranks will range from 1 to 15. If no differences
exist between regions, then one would expect the means of the ranks from each
region to be equal. On the other hand, if differences did exist (e.g., head~
waters > mid-pool > near-dam) then the means of the ranks should reflect the
underlying differences. Rank differences form the basis for most nonpara-
metric techniques.

Multivariate Statistics

Often, studies of water quality involve multiple variables, multiple
samples and/or multiple bodies of water. In situations such as these, the data
analysis will be both univariate and multivariate. Multivariate statistics
can be used to greatly enhance the understanding of water quality relation-
ships in and among reservoirs. Given the existence of computer software with
multivariate applications, these methods can be used as easily as their uni-
variate counterparts. As with univariate statistics the use of multivariate
methods must consider the assumptions behind their application.

The assumptions that are important to multivariate statistics are
essentially the same as those of the parametric statistics. The key assump-
tions for multivariate methods concern normality, independence of observations
(i.e., random samples), homogeneous variance, and linearity. It is important
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to note that the assumptions do not hold for all methods nor do they necessar-
ily hold for all applications of the same method. As with parametric statis-
tics, mild violations of the assumptions do not seriously affect the
inferences drawn from the data.

The types of applications of multivariate statistics can be grouped into
relatively few categories. Multiple and canonical correlation can be used to
characterize the strength of a relationship between and/or among variables.
Cluster analysis is used to classify groups of observations based on their
relative similarity. It is not uncommon that data on multiple variables
represent one or a few fundamental characteristics. Principal component and
factor analysis can be used to extract this fundamental structure from a data
set. Discriminant analysis can be employed to develop predictive relationships
for assignment of new observations to predefined groups.

CONCLUSIONS

Extensive data analysis is often neglected in many water quality monitor-
ing programs due to limited expertise and/or time and funding constraints.
The existence of time and funding constraints cannot be altered but the lack
of expertise can be changed. This paper represents an overview of a EWQOS
technical report that will provide the necessar